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CONTRIBUTIONS OF THE APOLLO MATERIALS 
SELECTION AND TEST PROGRAM TO FUTURE MANNED SYSTEMS 

INTRODUCTION 

T h i s  p a p e r  summarizes t h e  s i g n i f i c a n t  r e s u l t s  of t h e  

Apol lo  n o n m e t a l l i c  mater ia ls  s e l e c t i o n  and t es t  program, and 

d i s c u s s e s  some p r e s e n t  and a n t i c i p a t e d  u s e s  o f  t h e s e  r e s u l t s  f o r  

o t h e r  manned sys tems.  The accomplishments o f  t h e  o r g a n i z e d ,  

i n t e n s e ,  and c o n t i n u e d  e f f o r t s  t o  p r o v i d e  f i r e - r e s i s t a n t  s p a c e c r a f t  

f o r  t h e  Apollo Program have a l r e a d y  been a p p l i e d  t o  o t h e r  manned 

s p a c e  programs such  as  t h e  Manned O r b i t i n g  Labora to ry  and Apol lo  

A p p l i c a t i o n s  Programs, and w i l l  p r o v i d e ,  i n  the  f u t u r e ,  widespread  

b e n e f i t s  i n  o t h e r  areas such  as med ica l  t echno logy .  

APOLLO PROGRAM ACCOMPLISHMENTS 

Apol lo  combustion i n v e s t i g a t i o n s  re la ted t o  t h e  u s e  o f  

n o n m e t a l l i c  materials i n  s p a c e c r a f t  c a b i n s  have produced a number 

o f  s i g n i f i c a n t  accomplishments .  For i n s t a n c e ,  advanced flame- 

r e s i s t a n t  materials have been d i s c o v e r e d  and developed;  s e l e c t i o n  

c r i t e r i a  and uni form sample t e s t  p r o c e d u r e s  have been improved 

and s t a n d a r d i z e d ;  f u l l - s c a l e  tes t  methods have been p e r f e c t e d ;  

i g n i t i o n ,  combustion and t o x i c i t y  da ta  have been g e n e r a t e d  and 

c o l l a t e d  f o r  a l a r g e  number of materials;  f i r e  e x t i n g u i s h i n g  

methods have been s t u d i e d  and a n  e f f e c t i v e  e x t i n g u i s h e r  deve loped;  

and some beg inn ing  c o n t r i b u t i o n s  have been made t o  f l a m m a b i l i t y  

p r e d i c t i o n  t e c h n i q u e s .  
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Flame-Resis t  a n t  Materials 

A broad r a n g e  of f l a m e - r e s i s t a n t  materials have been  

p e r f e c t e d  w i t h i n  t h e  l a s t  y e a r  i n  r e s p o n s e  t o  Apol lo  Program 

needs. For  example,  Beta-cloth material, w i t h  improved, non- 

flammable c o a t i n g s  and i n c r e a s e d  a b r a s i o n  r e s i s t a n c e ,  i s  used  

t o  weave f a b r i c s ,  webbings,  t a p e s ,  and b r a i d s ,  as w e l l  as t o  

make m a t s ,  f e l t s ,  f i l t e r s ,  and i n s u l a t i o n  materials.  F luoro-  

c a r b o n s ,  such  as T e f l o n ,  which p o s s e s s  a h i g h  degree o f  chemica l  

r e s i s t a n c e ,  are used  f o r  wi re  i n s u l a t i o n  and i n  many new 

a p p l i c a t i o n s  such  as food  packages.  A nonflammable f l u o r e l  

material has been deve loped ,  which can  be used  to p r o t e c t i v e l y  

i s o l a t e  flammable materials,  such  as  t h e  s i l i c o n  r u b b e r  oxygen 

h o s e s .  T h i s  material  i s  i n e x p e n s i v e  and shou ld  b e  r e a d i l y  

adaptable t o  o t h e r  a p p l i c a t i o n s .  

These examples r e p r e s e n t  o n l y  a f e w  of t h e  near ly  one 

hundred improved materials a p p l i c a t i o n s  developed f o r  Apollo usage .  

One s i g n i f i c a n c e  o f  such  m a t e r i a l s  developments  t o  o t h e r  a p p l i c a -  

t i o n s  l i e s  i n  t h e  f a c t  t h a t  materials become i n c r e a s i n g l y  flame 

r e s i s t a n t  as t h e  p a r t i a l  p r e s s u r e  o f  oxygen i n  t h e i r  u sage  env i ron -  

ment d i m i n i s h e s .  T h e r e f o r e ,  materials t h a t  meet A p o l l o ' s  demand- 

i n g  r e q u i r e m e n t s  f o r  p u r e  oxygen exposure  w i l l  be h i g h l y  flame 

r e s i s t a n t ,  pe rhaps  nonflammable, i n  lesser  oxygen-content 

a tmosphe res ,  such  as i n  a i r p l a n e s  or au tomobi l e s .  
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T e s t  P rocedures  

I n  g e n e r a l ,  

c r a f t  usage  a r e  f i r s t  

t h e n  i n  subassembl i e s  

n o n m e t a l l i c  materials proposed  f o r  space-  

tes ted s e p a r a t e l y  i n  s t a n d a r d  s i z e  samples, 

and manufactured pa r t s ,  and f i n a l l y  i n  

f u l l - s c a l e  b o i l e r p l a t e  v e h i c l e  tes ts .  

t h e  i d e n t i f i c a t i o n  o f  t h e  f i r e  r e s i s t a n c e  o f  the  m a t e r i a l s  them- 

s e l v e s ,  as w e l l  as p o s s i b l e  s y n e r g i s t i c  e f f e c t s  of t h e  i n s t a l l e d  

c o n f i g u r a t i o n s .  

T h i s  p rocedure  pe rmi t s  

The e x t e n s i v e  tes t  work has s t i m u l a t e d  the development 

and s t a n d a r i z a t i o n  o f  t e s t  t e c h n q i u e s .  Thus t h e  r e s u l t s  o f  tes ts  

per formed by d i f f e r e n t  o r g a n i z a t i o n s  i n  d i f f e r e n t  l o c a t i o n s  can  

be  compared and materials e v a l u a t e d  on t h e  basis o f  common t e s t  

t e c h n i q u e s .  I n  a d d i t i o n  t o  t h e  s t a n d a r d i z a t i o n  o f  sample t e s t  

t e c h n i q u e s ,  s e v e r a l  new test  methods have been developed .  Fo r  

example,  t h e  problems o f  measuring flame speed d u r i n g  t e s t s  o f  

t h e  e f f e c t s  o f  a c c e l e r a t i o n  on b u r n i n g  have encouraged improve- 

ment i n  t h e  i n s t r u m e n t a t i o n  and o p e r a t i o n  of such  t e s t s .  

F u l l - s c a l e  combustion e x p e r i e n c e  has a l s o  c o n t r i b u t e d  t o  

T h e  t e c h n i q u e s  which w i l l  be  a p p l i c a b l e  t o  o t h e r  v e h i c l e  s y s t e m s .  

Apollo f u l l - s c a l e  s p a c e c r a f t  tes ts  have as t h e i r  pu rpose  t h e  

v a l i d a t i o n  o f  t h e  combustion s a f e t y ,  p r i o r  t o  manning, o f  s p e c i f i c  

Apol lo  s p a c e c r a f t .  

o f  s p e c i f i c  s p a c e c r a f t  s o  t h a t  t h e  combined e f f e c t s  o f  materials 

s e l e c t i o n  and placement  can  b e  e v a l u a t e d .  

The t es t s  a r e  conducted  i n  f u l l - s c a l e  mockups 

The t es t s  completed,  
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t h u s  fa r ,  have conf i rmed the  r e d e s i g n e d  c a b i n ' s  combust ion 

r e s i s t a n c e  i n  a l l  b u t  a f e w  c a s e s ,  f o r  which remedial steps 

have  been t a k e n .  During a r e c e n t  Combustion I n s t i t u t e  confe r -  

e n c e ,  it w a s  the  consensus  t h a t ,  a t  p r e s e n t ,  f u l l - s c a l e  i g n i t i o n  

tes ts  are t h e  best  way of g e t t i n g  dependable ,  p r a c t i c a l ,  combus- 

t i o n  i n f o r m a t i o n .  T h e r e f o r e ,  t h e  development o f  f u l l - s c a l e  flame 

p r o p a g a t i o n  t es t  t e c h n i q u e s  w i l l  r emain  i m p o r t a n t  as a d e s i g n  

v e r i f i c a t i o n  t o o l  f o r  some t i m e  f o r  b o t h  A p o l l o  and f o r  o t h e r  

a p p l i c a t i o n s .  

Combustion Data 

A c e n t r a l  e f f o r t  of t h e  Apo l lo  materials s e l e c t i o n  program 

has been t h e  p r o d u c t i o n  and o r d e r l y  t a b u l a t i o n  of  i g n i t i o n  and 

combust ion da ta  on n o n m e t a l l i c  materials. A s  a r e s u l t  o f  t h i s  

e f f o r t ,  there  i s  now, i n  COMAT ( C h a r a c t e r i s i t i c s  o f  Materials 

T e s t  Data L i s t i n g ) ,  t h e  l a r g e s t  e x i s t i n g  c o l l e c t i o n  of data on 

combust ion c h a r a c t e r i s t i c s  o f  p r a c t i c a l  materials i n  oxygen. 

T h e  l i s t i n g  i n c l u d e s  such  data as t h e  oxygen p r e s s u r e  under  which 

t h e  t e s t  w a s  made (5 .0 ,  6 .2  o r  16 .5  p s i a ) ,  i g n i t i o n  t e m p e r a t u r e ,  

t h e  r a t e  and d i r e c t i o n  o f  burn ing  (up  o r  down), and t h e  amount o f  

g a s  g i v e n  o f f  when t h e  mater ia l  i s  heated ( o f f  g a s s i n g )  f o r  abou t  

2800 specimens.  

c o n t r a c t o r s  u s i n g  t h e  NASA uniform t e s t  p r o c e d u r e s .  COMAT data 

i s  c o n t i n u o u s l y  updated  and l i s t e d  i n  a manner e n a b l i n g  r a p i d  

The da ta  i s  produced by b o t h  N A S A  and t h e  pr ime 
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r e t r i e v a l  o f  more d e t a i l e d  d a t a .  I n  a d d i t i a n  t o  NASA,  COMAT 

1s d i s t r i b u t e d  t o  many c o n t r a c t o r s  and a large number o f  govern-  

ment a g e n c i e s  i n  o r d e r  t o  make a v a i l a b l e  t o  p o t e n t i a l  u s e r s  

t h e  r e s u l t s  o f  t h e  Apollo tests.  

The e f f e c t s  of a c c e l e r a t i o n  f i e l d s  on  combust ion of 

some s e l e c t  materials have been s t u d i e d  i n  1 t o  15  g t e s t s  a t  

t he  White Sands T e s t i n g  F a c i l i t y  and e l sewhere ,  a s  w e l l  as d u r i n g  

l i m i t e d  zero-g t e s t s .  T h i s  newly g e n e r a t e d  data has been w i d e l y  

d i s t r i b u t e d .  

Combustion of  n e a r l y  a l l  materials produces  p o i s o n s .  

It i s  n e c e s s a r y  t ha t  materials f o r  manned s p a c e c r a f t  u s e  be  

s e l e c t e d  t o  p r e v e n t u n a c c e p t a b l e  t o x i c  c o n c e n t r a t i o n s  as a r e s u l t  

o f  a f i r e .  T h e r e f o r e ,  t h e  s t a n d a r d  material t es t s  ‘ i n c l u d e  a 

measure o f  p y r o l y s i s  and combustion p r o d u c t s ,  and t h e  ca rbon  

monoxide, t o t a l  o r g a n i c s ,  and odor  e v e l u a t i o n  r e s u l t s  are  i n c l u d e d  

i n  COMAT. I n  a d d i t i o n ,  d u r i n g  f u l l - s c a l e  t e s t s ,  atmosphere 

sampl ing  f o r  t o x i c i t y  a n a l y s i s  has been conducted .  The accumulated 

data, e s p e c i a l l y  on t h e  f i r e - r e s i s t a n t  materials, w i l l  be d i r e c t l y  

u s e f u l  t o  a large v a r i e t y  of manned sys tems.  

F i r e  Ext inguishment  

A large v a r i e t y  o f  f i r e  e x t i n g u i s h i n g  a g e n t s  and methods 

have been tes ted  and e v a l u a t e d  f o r  u s e  i n  manned s p a c e c r a f t .  

Many a g e n t s  c o n s i d e r e d  e f f e c t i v e  i n  an  a i r  envi ronment ,  e .g . ,  Freon 

1301, were found t o  be much less  e f f e c t i v e  i n  a p u r e  oxygen 
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1 
envi ronment .  NASA and i t s  c o n t r a c t o r s  have s u c c e s s f u l l y  

deve loped  a n  aqueous-gel  e x t i n g u i s h e r  which i s  ex t r eme ly  e f f e c t i v e  

i n  t h e  p u r e  oxygen environment ,  and ,  o f  c o u r s e ,  would be  even 

more e f f e c t i v e  i n  a i r .  Because t h i s  e x t i n g u i s h e r  u s e s  water 

as i t s  b a s i c  material and was developed  under  NASA c o n t r a c t ,  it 

o f f e r s  promise  as a n  ex t remely  i n e x p e n s i v e ,  e f f e c t i v e  household  f i r e  

e x t i n g u i s h e r ,  as w e l l  as f o r  o t h e r  manned s y s t e m s .  

F l ammabi l i t y  Theory 

The  program e f f o r t  i n c l u d e s  an  a t t empt  t o  i n t e g r a t e  

p r e s e n t  knowledge i n t o  a general combust ion t h e o r y .  Work a t  

A t l a n t i c  Research  and General  E l e c t r i c  has produced p r o g r e s s  

toward  u n d e r s t a n d i n g  combustion i n c l u d i n g  flame spread, flame 

he igh t ,  and t h e  e f f e c t  of  pa rame te r s  such  as a c c e l e r a t i o n .  

Resea rch  on b o t h  chemical  and s t a t i c - d i s c h a r g e  i g n i t i o n  has 

already advanced unde r s t and ing  o f  t h e s e  complex mechanisms. 

It has been p o s s i b l e  t o  develop ma themat i ca l  models f o r  s imple  I 

s i t u a t i o n s  which a l l o w  estimates o f  such  combustion pcameters  I 

I 
as t h e  t i m e  r a t e  of energy  r e l e a s e .  However, more r e f i n e m e n t  

o f  t h e o r i e s  i s  n e c e s s a r y  f o r  complex s i t u a t i o n s .  

I 

I 

The f u l l - s c a l e  mock-up tests have g e n e r a t e d  a la rge  
I 

q u a n t i t y  of data  on i g n i t i o n  and p r o p a g a t i o n  c h a r a c t e r i s t i c s  

f o r  p r a c t i c a l  m a t e r i a l s ,  shapes ,  and a s s e m b l i e s .  T h i s  t e s t  data 
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i s  b e i n g  used  i n  t h e  c o n s t r u c t i o n  and v e r i f i c a t i o n  o f  mathemat ica l  

f l a m m a b i l i t y  p r e d i c t i o n  models. H i s t o r y  has  shown tha t  t h e  

accumula t ion  o f  a l a r g e  body o f  l o g i c a l l y  o r d e r e d  e x p e r i m e n t a l  

knowledge has been a s t i m u l u s  toward  t h e o r e t i c a l  e x p l a n a t i o n  

and i n t e g r a t i o n  of t h i s  newly a c q u i r e d  e x p e r i m e n t a l  knowledge. 

There i s  eve ry  r e a s o n  to b e l i e v e  t h a t  t h e  accumula t ion  of data 

by t h e  Apol lo  Program w i l l  s i m i l a r l y  s t i m u l a t e  t h e  r e f inemen t  

o f  f l a m m a b i l i t y  t h e o r y ,  which t h e n  w i l l  be  u s e f u l  to o t h e r  

advanced manned s y s t e m s .  

Handbook 

Another  r e s u l t  o f  Apollo Program e f f o r t s  now planned  

w i l l  be a handbook on n o n m e t a l l i c  m a t e r i a l s  f o r  s p a c e c r a f t .  T h i s  

handbook i s  p lanned  to summarize t h e  f i n d i n g s  of t h e  program and 

t h e  l a t e s t  t e c h n i c a l  l i t e r a t u r e  i n  a form f o r  t h e  grea tes t  g e n e r a l  

u s e f u l n e s s .  

P o t e n t i a l  Program E x t e n s i o n s  

The Apollo m a t e r i a l s  s e l e c t i o n  and combust ion t e s t  program 

has r e s u l t e d  i n  c o n t r i b u t i o n s  to f u t u r e  manned s y s t e m s .  However, 

there  remains  a c l e a r  pa th  f o r  a d d i t i o n a l  work. Nonmeta l l i c  

mater ia ls  t e s t i n g  c o u l d  b e  extended to non-Apollo materials and 

p r e s s u r e s  o t h e r  t h a n  t h e  v a l u e s  o f  i n t e r e s t  t o  Apo l lo .  More 

high-g and zero-g data  should be g e n e r a t e d  and t o x i c i t y  and 

p y r o l y s i s  measurements should be ex tended .  The o v e r a l l  and g r o s s  
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d e f i c i e n c y  o f  t h e  a v a i l a b l e  combustion t h e o r y ,  c h a r a c t e r i s t i c  n o t  

o n l y  of  t h i s  program b u t  o f  combustion t echno logy  i n  g e n e r a l ,  

has n o t  y e t  been a p p r e c i a b l y  r e p a i r e d  by t h e  program e f f o r t s  i n  

t h i s  d i r e c t i o n .  

EXTRA-APOLLO BENEFITS 

Post-Apollo NASA Programs 

The manned f l i g h t  hardware f o r  post-Apollo w i l l  i n c l u d e  

v a r i o u s  combina t ions  of  the  Apollo Command and S e r v i c e  Module 

and Lunar Module w i t h  o t h e r  s u p p o r t  s t a g e s .  Apol lo  hardware w i l l ,  

o f  course,#be used  o r  modif ied f o r  u s e  wherever  p o s s i b l e .  

r e s u l t s  of  t h e  Apol lo  Program are  d i r e c t l y  and immedia te ly  u s e f u l  

to such  f o l l o w i n g  programs. Fo r  example,  new materials, s e l e c t i o n  

c r i t e r i a ,  and t e s t  p rocedures  f o r  flame r e s i s t a n c e  developed  f o r  

Apol lo  are b e i n g  used  f o r  t h e  s p a c e c r a f t  m o d i f i c a t o n s  and 

a d d i t i o n s  r e q u i r e d  f o r  the Apollo A p p l i c a t i o n s  Program ( A A P ) .  

The AAP r e l i a b i l i t y  and q u a l i t y  a s s u r a n c e  and t h e  t e s t  r e q u i r e -  

ments documents s p e c i f y  Apollo materials, c r i t e r i a ,  t e s t  r e q u i r e -  

ments ,  and p r o c e d u r e s .  

T h e  

Manned O r b i t a l  Labora to ry  

The Manned O r b i t a l  Labora to ry  Program of t h e  Department 

of Defense p r o v i d e s  a c l e a r  example of  t h e  ex t ra -program b e n e f i t s  

of Apol lo  combustion e f f o r t s .  F i r s t ,  t he  n o n m e t a l l i c  t e s t  r e s u l t s  

have  been p rov ided  d i r e c t l y  t o  the  A i r  Fo rce  and i n d i r e c t l y  to 
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MOL c o n t r a c t o r s .  T h i s  t e s t  i n f o r m a t i o n  i s  p r o v i d e d  b o t h  by 

t h e  COMAT l i s t i n g  of t e s t  r e s u l t s  and by c o p i e s  of t h e  tes t  

r e p o r t s .  Apol lo-genera ted  s p e c i f i c a t i o n s  and m a t e r i a l s - c o n t r o l  

p r o c e d u r e s  have,  a l s o ,  been  d i r e c t l y  a p p l i e d  t o  t h e  MOL Program. 

Whenever data i s  r e q u i r e d  f o r  MOL-peculiar mater ia ls ,  i t  i s  

p lanned  t h a t  t e s t s  w i l l  b e  performed a t  t h e  NASA White Sands 

T e s t  F a c i l i t y .  

w i l l  be f u r t h e r  enhanced by a d i r e c t  l i n k  between t h e  MSC and 

MOL Nonmeta l l i c  Materials I n f o r m a t i o n  C e n t e r s .  

The p r e s e n t  a v a i l a b i l i t y  o f  Apollo data t o  MOL 

A d d i t i o n a l  DOD A p p l i c a t i o n s  

The A i r  Fo rce  and Navy e n g i n e e r i n g  e f f o r t  toward  

safer  manned s y s t e m s  u s e s  t h e  materzals t e s t  data (COMAT),  as 

w e l l  as Apol lo  s e l e c t i o n  c r i t e r i a  and t e s t  p r o c e d u r e s  f o r  non- 

m e t a l l i c  materials. 

c a p a b i l i t y  i s  the  use  of t h e  MSC White Sands T e s t  F a c i l i t y  f o r  

Labora to ry  t e s t i n g  as r e q u e s t e d  by USAF Materials Labora to ry  and 

the  U . S .  Naval Research  Labora to ry .  

T y p i c a l  o f  t k e  u s e f u l n e s s  of Apol lo-genera ted  

Other Government Agencies 

The d i v i s i o n s  concerned w i t h  f i r e  h a z a r d s  w i t h i n  t h e  

Uni t ed  S ta tes  P u b l i c  Heal th  S e r v i c e ,  N a t i o n a l  Bureau o f  S t a n d a r d s ,  

Federal  A v i a t i o n  A u t h o r i t y  and Bureau o f  Mines are r e c e i v i n g  

COMAT and o t h e r  t e c h n i c a l  d a t a .  
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Medica l  Use o f  Hyperba r i c  Oxygen 

The u s e  o f  h i g h  p r e s s u r e  oxygen-enriched a tmospheres  

f o r  s u r g e r y  has been  a s u b j e c t  o f  c o n t i n u e d  and i n c r e a s i n g l y  

f r e q u e n t  expe r imen t s  b o t h  on human and an ima l  s u b j e c t s .  These 

t r e a t m e n t s  are c a r r i e d  o u t  i n  p r e s s u r i z e d  oxygen-enriched 

chambers,  o r  i n s i d e  an oxygen t e n t  i n  a l a r g e  p r e s s u r i z e d  

chamber. The  t r e a t m e n t  o f  v a r i o u s  i n f e c t i o n s  by exposure  t o  

a p r e s s u r i z e d  oxygen-enriched a tmosphere  has been w i d e l y  succes-  

f u l .  The most d r a m a t i c  example has been the  r e s p o n s e  of  gangrene  

to t h i s  exposure .  I n  high p r e s s u r e  ( 2 - 3  a tmospheres)  oxygen- 

e n r i c h e d  chambers,  many o t h e r  i n f e c t i o u s  growths ,  b o t h  i n  v i t r o  

and v i v o ,  have  been shown t o  be  g r e a t l y  i n h i b i t e d .  Wounds b o t h  

i n  humans and an ima l s  showed a n  improved r a t e  of  h e a l i n g ;  the  

t r e a t m e n t  o f  v a r i o u s  p o i s o n s  has been s u c c e s s f u l ;  and shock 

caused  by b l e e d i n g o r  o t h e r i n j u r y  has been g rea t ly  a m e l i o r a t e d .  

S u r g i c a l  p r o c e d u r e s  r e q u i r e d  f o r  major  o rgan  t r a n s p l a n t s  have 

been  s u c c e s s f u l l y  c a r r i e d  out  i n  a h i g h  p r e s s u r e  oxygen-enriched 

atmosphere.  T h i s  has been u s e f u l  i n  a l l  phases o f  t h e  o p e r a t i o n ,  

b e g i n n i n g  w i t h  t h e  r e c o v e r y  of t h e  cadave r  organ  and i t s  prep-  

a r a t i o n  p r i o r  t o  i n s e r t i o n .  

It i s  unde r s t andab le  t h a t  one of  t h e  o b s t a c l e s  t o  more 

a c t i v e  r e s e a r c h  on t h i s  p a r t i c u l a r  med ica l  t e c h n i q u e  i s  t h e  dange r  

of i n c r e a s e d  c o m b u s t i b i l i t y  of mater ia ls  i n  h y p e r b a r i c  and 

enriched-oxygen a tmospheres .  T h e r e f o r e ,  t h e  e f f o r t s  made i n  the  
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Apollo Program to develop materials for fire-resistant spacecraft 

cabins with pure oxygen are directly applicable to this medical 

use of oxygen-enriched atmospheres. Apollo data is being made 

available t o  investigators in this area supported by the Depart- 

ment of Health, Education and Welfare. In addition, MSC has pro- 

vided engineering consultation on the development of safer 

hyperbaric medical chambers. 

Summary 

The Apollo materials selection and combustion test 

program had as its objective the establishment of a safe, com- 

bustion-resistant design for the program spacecraft. No other I 

purpose was permitted to divert effort from this most essential 

task. The test program was further limited by considerations 

of time, manpower and facilities to test under Apollo conditions. 

Nevertheless, the results of the program are applicable to other 

manned systems in three important ways. First, a large group of 

fire-resistant material components and installations have been 

developed and identified. Secondly, fire extinguishing 

techniques have been screened; the best is being developed and 

proven. Third, the accumulation of test data and techniques 

has made a contribution to flammability prediction to the benefit 

of all advanced manned systems. Some examples of the general 

use of A p o l l o  accomplishments have already been identified; more 

will doubtlessly be forthcoming. 

Y 
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